Pyrolysis gas chromatography-mass spectrometry of methyl mycolates from 32 species of mycobacteria, including Mycobacterium leprae, was carried out. The mycobacteria could be classified into four groups in respect of the fatty acid ester patterns detected within the range C,, to C26. The applicability of this pyrolysis-gas chromatographic method for identifying M . leprae is discussed.
I N T R O D U C T I O N
The mycolic acids from Mycobacteriurn leprae have been analysed in some detail by highperformance liquid chromatography (HPLC), mass spectrometry (MS) and proton nuclear magnetic resonance spectrometry (NMR) (Asselineau et al., 1981 ; Kusaka et al., 1981 ; Draper et al., 1982;  Minnikin et al., 1985) . It was found that M . leprae has two homologous series of mycolates, whose main structural characteristic seemed to be in the alkyl branch at the a-carbon having a relatively shorter chain length than for other mycobacterial mycolates. In order to determine whether the structure of the a-branch is specific for M . leprae, pyrolysis gas chromatography-mass spectrometry (GC-MS) of mycolates isolated from 32 species of mycobacteria was carried out.
METHODS
Organisnu. Foot-pads of nude mice (nulnu) killed one year after inoculation with M. leprae were used as the source of M. leprae. All other species of cultivable mycobacteria, grown on 1 % Ogawa's media, were supplied from the Laboratory for Culture Collection of the Institute for Microbial Diseases of Osaka University.
Isolation of mycolates. For isolating mycolates directly from the foot-pads of nude mice, the tissues were chopped into small pieces with scissors. Saponification of these tissues or cultivated mycobacterial cells was done by heating at 85 "C for 4 h in more than 10 vols 5% (wlv) KOH in 50% (v/v) ethanol under reflux. The suspension was then acidified (below pH 2) with 6 M-HCl and extracted three times with n-hexane/diethyl ether (1 : 1, v/v). The extract was evaporated to dryness and the residue containing total fatty acids was dissolved in a small volume of tetrahydrofuran and analysed by HPLC (Shimadzu-LC4), using a gel-permeation column (HSG-15, Shimadzu Co., 79 mm in diameter and 1 m in length) and a differential refractometer detector (Shimadzu RID-4). Various polystyrene standards of known M, (Waters) were used to obtain a calibration curve. The flow rate of tetrahydrofuran was 2 ml min-I. The eluate corresponding to material of M, > 1o00, assumed to contain total mycolates, was collected and evaporated to dryness.
Pyroiysis GC-MS and pyrolysis GC of methyl mycolates. The total mycolates, obtained as above, were dissolved in a small volume of diethyl ether then esterified with diazomethane. The methyl mycolates were analysed with a GC-MS instrument (Hitachi, M80-B), equipped with a Curie-point pyrolyser (Packard, model 891) fitted with a 3% OV-1 column (3 mm in diameter, 1 m in length), and using the electron-impact mode of MS. Methyl mycolates were also analysed by pyrolysis GC using a Shimadzu GC-8A instrument equipped with the same pyrolyser and column as above for quantitative analysis of the fatty acids. The column (OV-1) temperature was programmed from 180 "C to 300 "C at the rate of 10 "C mind'.
RESULTS

Pyrolysis GC-MS and pyrolysis GC of methyl mycolates
Pyrolysis of methyl mycolates at about 300 "C yields long-chain meroaldehydes and fatty acid methyl esters having two carbon atoms more than the a-branch of the original mycolates (Etemadi, 1967) . Accordingly, pyrolysis GC-MS and pyrolysis GC of mycolates from 32 species of mycobacteria (including M . leprae) was done to investigate how the a-branches of M . leprae mycolates compare with those of other mycobacteria. The results from the pyrolysis GC-MS of the M . leprae mycolates are shown in Fig. 1 and those from pyrolysis GC of mycolates from four specie's in Fig. 2 . Summarized results for all species are shown in Table 1 .
The a-branches of all the mycobacterial mycolates were straight alkyl chains having from 18 to 24 carbons. The 32 species of mycobacteria could be classified into the following four groups in respect of the fatty acid pattern detected by pyrolysis GC-MS of the mycolates : a '22-group' having fatty acid from 20 to 24 carbons with C22 predominating, a '24-group' having 22 to 24 The ratio of fatty acid methyl esters was calculated from the GC peak size, measured by multiplication of the height of the peak by its width at half height, and the mean value was obtained from three GC experiments. 1 *oo 1 -00 1 -00 1 -00 1 -00 1 -00 1-00 1.00 0.08 1-00 0.06 1-00 0-05 1.00 0.10 1-00 0.25 1.00 1.00 0.12 1.00 0.10 0-06 0.12 0.10 3.94 6.40 3.02 2-52
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2-3 weeks 2-3 weeks 2-3 weeks 2-3 weeks 2-3 weeks 2-3 weeks 2-3 weeks 4-7 weeks 2-3 weeks 2-3 weeks 2-3 weeks > 2 months 2-3 weeks 2-3 weeks 3-4 weeks 3-5 weeks carbons with Cz4 predominating, a '24'-group' having 22 to 26 carbons with CZ4 predominating, and a '26-group' having 22 to 26 carbons with C2, predominating. The above groups seemed to relate partially to mycobacterial growth rate in uitro, since all species of the 22-group except M . leprae are rapid growers, requiring less than 3 d for colony formation, while all species of the 26-and 24'-groups are slow growers, requiring 2-3 weeks or more for colony formation. No such relation could be observed for the 24-group.
DISCUSSION
Pyrolysis GC of mycolates has been of value in the characterization of different mycolatecontaining taxa such as mycobacteria, bacterionemas, corynebacteria, nocardiae and rhodococci (Lechevalier et al., 1971; Minnikin & Goodfellow, 1980; Daffk et al., 1983) . We T . K U S A K A AND T. MORI found it hard, however, to distinguish small peaks of genuine fatty acid esters from contaminating ghost peaks in this technique; a combination of MS with pyrolysis GC, applied for the first time to mycobacterial mycolates, resolved these difficulties (cf. Fig. 1 ).
As shown in Table 1 , the mycobacteria could be classified into four groups in respect of the pattern of the fatty acid esters released by pyrolysis of mycolates. The reproducibility of the apparent grouping of mycobacteria must be tested by analysing large numbers of strains. Our data from the pyrolysis GC of mycolates coincide completely with those of Daffk et al. (1983) , who studied 27 species. It was unexpectedly found that our proposed grouping of mycobacteria seemed to have some relation to mycobacterial growth rate, though it is unclear why such a relation exists. In consideration of the known biosynthetic mechanism of mycolates (Shimakata et al., 1984) and the experiential relation between mycobacterial constitutive saturated fatty acid patterns and the length of mycolate a-branches (Kusaka & Izumi, 1983) , mycolate abranches may be derived mainly from fatty acids formed by de novo fatty acid synthases in each bacterium. If so, there might be four types of mycobacterial fatty acid synthases or the associated thioesterases in respect of the product specificity.
We have reported previously (Kusaka et al., 1981) that the chain length of the a-branch in M . leprae mycolates was 20 carbons; this must now be revised as mainly 20 carbons with lesser amounts of 22 carbons as shown in Table 1 . This result is in agreement with previous mass spectrometric studies on mycolates of M . leprae harvested from experimentally infected armadillos (Asselineau et al., 1981 ; Draper et al., 1982).
Our method described here has some value in helping to identify M. leprae. The pyrolysis GC of mycolates can be done within 2 d and requires less than 0.5 mg dry weight of the unknown mycobacterial species. If mycolates from infected material produce, on pyrolysis, mainly 22-carbon, with lesser amounts of 24-carbon esters, it is probable that the infecting agent is M . leprae, especially if no rapid grower of the 22-group can be cultivated (Table 1) .
